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Introduction
European brown hare (Lepus europaeus Pallas 1778) is a common wild animal in Greece, distributed over all parts of the continental country, and most of the islands (Thomaides et al., 2011) , representing an important species for hunting economy (Sokos et al., 2003) . Brown hare's population densities seem to be low in certain areas of Greece (Sfougaris et al., 1999) , while in general, they have not been evaluated (Legakis & Maragou, 2009 ). Although it is classified by the IUCN as a "least concerned" species, the populations of L. europaeus have been experiencing declines in many areas across its geographic range in Europe. In some European countries (Norway, Germany, Austria and Switzerland), population declines have resulted in country-specific Red Listing as "near threatened" or "threatened" (Smith & Johnston, 2008) , while in others, hares are legally hunted. The primary cause of this population decline is anthropogenic, and it is considered to be due to the intensification of agriculture (Smith et al., 2005) . Infectious diseases such as European brown hare syndrome (EBHS), pasteurellosis, yersiniosis and tularaemia represent an additional threat to L. europaeus (Lamarque et al., 1996) . Parasites can also be one of the natural regulative factors of hare population (Newey et al., 2004; Alzaga et al., 2008) . The information about the species and prevalence of endoparasites of European hares in Southern Europe is limited, while relevant data from Greece are lacking. Since brown hare is an important wildlife species in Greece, the purpose of this study was a first approach in investigating the endoparasites of L. europaeus in areas of Macedonia, Northern Greece, in order to evaluate the parasitic fauna in relation to i) the hare's health status, and ii) its importance to other wild or domestic animals.
Materials and methods
Digestive tracts of 84 L. europaeus were provided by hunters, active in the area of Mecedonia, Greece. The animals were shot in different locations, including forested and plain environments, during the hare hunting period (September to December) of the years 2011 -2013. The digestive tract was removed from the dead animals and kept initially in isothermal boxes with ice packs and subsequently at 4 °C until examination. Each digestive tract was dissected and examined for the HELMINTHOLOGIA, 51, 4: 345 -351, 2014 Research Note Endoparasites found in European brown hares (Lepus europaeus) hunted in Macedonia, Greece
A. DIAKOU 1* , C. SOKOS 2 , E. PAPADOPOULOS presence of parasites initially by naked eye. Subsequently, the stomach, and parts of the small and large intestine were washed with tap water in glass containers, and the sediment was examined under the optical stereoscope. The parasites found were isolated and preserved in glycerin in alcohol l 80° (1:17 v/v) (Haralabidis & Diakou, 2001) . The identification of the parasites was based on morphological criteria (Yamaguti, 1961) . Faecal samples were collected from the rectum, and examined by standard parasitological methods, i.e. zinc sulphate flotation, Telemann sedimentation and Ziehl-Neelsen stained smears, for the detection of Cryptosporidium oocysts, as described before, with minor modifications (MAFF, 1986; Thienpont et al., 1986; Henriksen & Pohlenz, 1981) . In brief, for the zinc sulphate flotation method, approximately 1 g of faecal material was diluted with tap water and passed through a sieve (No 150) into a centrifuge tube. The tube was centrifuged at 200 ×g for 3 min, the supernatant fluid was discharged down to approximately 1 cm above the sediment and zinc sulphate (ZnSO4•7H2O) solution 33.2 % (w/v) was added to the sediment. After thorough dilution of the sediment, zinc sulphate solution was added to just over the top of the tube and a cover slip was placed on the top of the tube. After centrifugation at 150 ×g for 1 min, the cover slip was carefully removed and placed on a microscope slide. For the Teleman sedimentation method, approximately 1 g of the fecal material was diluted in HCl 16 %, passed through a sieve (No 150) into a centrifuge tube, 5 ml ether was added, and the content of the tube was homogenized by vigorous shaking. After centrifugation at 200 ×g for 3 min, all the phases of the centrifuged material, except the sedi- ment were discharged. Drops of the sediment were placed on a microscope slide and covered with a cover slip. All the preparations were examined under the optical microscope at 100×, 400× and 1000× magnification.
Comparison between single and mixed infections was performed by one-sample t-test (p<0.05).
Results
Parasites were found in 62 (73.8 %) of the 84 gastrointestinal tracts examined. The most prevalent nematode was Trichostrongylus retortaeformis in 42 (50 %) animals ( Fig. 1 ), followed by Trichuris leporis found 18 (21.42 %) animals and Passalurus ambiguus in 4 (4.76 %) (Fig. 2) . Regarding the faecal examination, the coccidian Eimeria spp. was found in 54 (64.28 %) of the faecal samples, first stage larvae (L1) of the nematode Protostrongylus spp. were found in 2 (1.22 %) and eggs of the trematode Dicrocoelium dentriticum were found in 8 (9.52 %) faecal samples. Linguatula serrata larvae (Fig. 3) were a parallel finding on the serosa of 16 (19.04 %) of the gastrointestinal tracts. In addition, a female Dirofilaria scapiceps (Fig. 4) was found incidentally on the intestines of one animal (Table 1). Finally, no Cryptosporidium oocysts were found in the stained faecal smears. Mixed infections (Fig. 5) were significantly more common than single infections (p<0.05) and were noted in 38 of the 62 infected animals. In particular, 2 parasitic species were found in 10 (11.9 %) animals, 3 in 16 (19.04 %), 4 in 10 (11.9 %) and 5 in 2 (2.38 %) animals. 
Discussion
Parasitic infections are an expected feature among freeranging and wild animals. Their impact on the health status of the host is closely related to environmental parameters such as weather conditions, food supply, population density, other pathogens etc. It has been noted that in brown hares, parasitic infections, both of the lungs and intestines, influenced the health status and decreased the body weight of the animals (Chroust et al., 2012) and that mixed infections often lead to enhancement of these adverse effects of the parasites (Lukešová et al., 2012) .
Only a few studies of the endoparasites of European hares have been conducted in Southern Europe (Bordes et al., 2007; Alzaga et al., 2009 (Boch & Schneidawind, 1988; McCulloch et al., 2004) . These reports indicate that hares are vulnerable to coccidial infections. Young or naive adult animals are particularly sensitive and severe infections, in combination with conditions such as cold weather or food shortage can be fatal (Wibbelt & Frölich, 2005) . In the Czech Republic coccidia were responsible for approximately 62 % of the total parasitic infections leading to death in brown hares (Sterba, 1982) . Trichostrongylus retortaeformis is a very common nematode in the small intestine of brown hares. The prevalence of this parasite in the present study was high (50 %), although even higher percentages have been recorded in central Europe in the past, reaching 85 % in Austria and 86 % in the Czech Republic, as referred in Chroust et al. (2012) . However, a relatively low prevalence i.e. 6.76 % was recorded in Slovakia (Dubinský et al., 2010) . Severe infections by this parasite can result in chronic enteritis, with hyperaemia, petechiae and epithelial erosions (Chroust et al., 2012) . In the present research, no visible lesions of the intestinal mucosa were observed, even in animals with high parasite abundance. The whipworm Trichuris leporis is found in the ceacum and large intestine of brown hares. A review of the literature reveals confusion about the species of the genus Trichuris identified in L. europaeus (Baker, 2008) . Although (Wibbelt & Frölich, 2005) . The prevalence of this parasite in the present study was 21.42 %, while it has been reported in higher percentages in central and northern Europe in the past (Sebek, 1969; Irvin, 1970; Dubinský et al., 2010) . Larvae (L1) of the lung nematode Protostrongylus sp. were found in the faeces of two (2.38 %) animals. Since detection of this infection was made only by faecal examination, species identification was not possible. However, Protostrongylus pulmonalis (syn. commutatus) is the species identified in brown hares (Boch & Schneidawind, 1988; Costantini et al., 1990; Chroust et al., 2012) . The prevalence of infection reported in previous surveys varies widely between 0 % and 60 % in different populations (Boch & Schneidawind, 1988; Frölich et al., 2003; Chroust et al., 2012) . Severe cases of lungworm infection comprise dyspnoea and nasal discharge due to catarrhal pneumonia and pleuritis (Kötsche & Gottschalk, 1990) . Kutzer and Frey (1976) reported adverse effects of this parasite on the body condition and general health of hares. They also observed that mortality rate due to bacterial infections is twofold higher in hares affected by this lungworm than in non-parasitised hares. In contrast, Laakkonen (2006) reported that the condition and weight of Finnish hares did not show any significant association with the intensity of lungworm infection. Passalurus ambiguus is an oxyurid pinworm, specific to lagomorphs. The adult worm lives in the cecum or anterior colon and usually is clinically insignificant (McClure, 2011) . According to Chroust et al. (2012) this parasite is rarely reported in brown hares and with a low prevalence (<1 %). However, P. ambiguous was found in 12.16 % of the hares in Slovakia (Dubinský et al., 2010) and in 4 (4.76 %) of the hares in the present study. In one of these animals, the eggs of the parasite were not detected in the faecal examination, because, as found in the microscopic study of the parasites isolated from the intestine, they were immature. European brown hares may be infected with the lancet fluke Dicrocoelium dendriticum in areas with sheep at pasture (Chroust et al., 2012) . In the present study, eggs of this trematode were found in 8 (9.52 %) of the animals by faecal examination (sedimentation method). Dicrocoelium dendriticum in Greece is a common parasite in small ruminants. According to Theodoropoulos et al. (2002) , D. dendriticum fluke's contribution to marketable organ condemnation in abattoir is 26 %. Infection of hares with D. dendriticum is usually subclinical, but sometimes is associated with hyperplastic lesions of the hepatic bile ducts (Wibbelt & Frölich, 2005) . Cryptosporidium spp. is a protozoan parasite, occasionally causing zoonotic gastroenteritis (cryptosporidiosis). Is has been found in a great range of animal species. To the best of the authors' knowledge, there is no report of Cryptosporidium infection in L. europaeus in international literature. Similarly, in the present study, no Cryptosporidium oocysts were found in the hares examined (Ziehl-Neelsen stained faecal smears). The pentastomid Linguatula serrata has been reported in L. europaeus among other animals (Christoffersen & De Assis, 2013) . Herbivores serve as intermediate host of the parasite while carnivores are the final host, bearing the adult parasite in the nasal cavities. Larvae of this parasite were found on the serosa of the intestines in 18 (21.42 %) animals examined in the present study. This prevalence would probably be higher if the whole peritoneal cavity of the animals had been examined. L. serrata infection is very common in Greece, at least in the Northern part of the country, were sheep, goats and carnivores are often found infected (Diakou, unpublished data). An adult female filariid nematode was incidentally found on the intestines of one hare, presumably originating from some other part of the animal's body. According to the literature, Dirofilaria scapiceps is specific to lagomorphs, parasitizing between the synovial sheath and tendons (Bartlett, 1984) . Mortality of European brown hares can be ascribed to several factors. In an analysis of the cause of death of 2269 wild brown hares in the Czech Republic, parasitic infections came first, together with dietary factors (Sterba, 1982) . Some environmental conditions, like rain and humidity, favor the spread of endoparasites by increasing the persistence of infective stages in the environment (Stromberg, 1997) while others such as low temperatures contribute to the pathogenecity of parasites like T. gondii (Jokelainen et al., 2011) . In the present study, there was no occasion to assess the general health status of the animals, as they were all killed by hunters and only the gastrointestinal tract was presented to the Laboratory. However, two of the animals with particularly high abundance of parasites and mixed infection (5 species), were of poor body condition, according to the information given by the hunters. This observation is in accordance with the conclusion stated by Chroust (1984) , that coccidia in combination with lung and digestive tract nematodes, can be a major regulatory factor of the hare population. The results of the present, preliminary study indicate that hares share species of endoparasites, such as D. dendriticum and L. serrata with other animal species, and thus may represent a reservoir of these parasites in nature. Moreover, the parasites found, under certain conditions, may play an important role in the health status of hares in Macedonia, Northern Greece. Therefore, a more detailed study is planned in order to evaluate how parasitic burden and pathogenesis influence the fitness of hares and its population dynamics, longitudinally.
University of the Aegean, Greece for the statistical analysis of the data, and Ms. Anne Beavan for improving the English language of the article.
